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INTRODUC TION

11

An apparently normal course of events, a set of natural circum-

stances can be the setting for death from a pulmonary embolus--a.
smooth postoperative course after the patient has weathered all the
hazards of surgery; a fracture which ls healing nicely; a puerperium
in which all appears to be going well; a thrombophlebitis which seems
to have responded we ll to t r eatment can suddenly be reverted to
tragedy by the appearance of a pulmonary embolus.

The great tragedy

from such a death is that in almost every case the accident of
pulmonary eI:1bolism wa s the sole barrier between the patient and recovery.

Its sudden and unpredictable occurrence comes as a terrible

shock to the relatives of the patient and his physician and robs
the physician of a well earned and succe ssful result .

And for

every fatal attack , there occur two or three instances of non-fatal
seizures attended by grave apprehension for the patient's life;
meanwhile the physician looks on distressingly lrnited in his povrer
to prevent a subsequent , and possibly fatal recurrence . " (6)
Early in my Senior year I witnessed my first case of pulmonary
embolism.

I stood at the bedside of a patient who, less than forty-

eight hours previously, had been very happy to tell me that she
would soon be home again .

Her respirations were shallovr and la.bored,

her lips were tinged with cyanosis , and her features were drawn
and anxious.

Emergency measures were to no avail , and in less than

an hour the patient expired.

This calamity was precipitated by

the simple procedure of getting out of bed to sit in a chair.
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One

insurmountab le barrier--pulmonary embolism--suddenly appeared to
block the patient's pathway to recovery.
trae;edy.
prevented?

A barrier that became a

From whence had this embolus come'?

Could it have been

Was it the end result of a condition that had been

smoldering underground for some time--unrecognized and untreated?
Could one prevent such tragedies , or must one accept such an event
a.s ,. one of those things'' , as being due to an

11

act of God 11 , or "to

circumstances beyond our control 11 and be forced to dismiss the event
with a helpless shrug of the shoulders and with a fervent hope
that it doesn't happen again?
Certainly pulmonary emboli do not miraculously materialize
and strike again and a.gain on surgical vro.rds without some premonitory signs.

Certainly if one can find the source of the

thrombosis that produce the emboli , some steps can be taken to
combat the mechanisms that produce them and to prevent them from
becoming a threat to a patient's life.
This paper has been written with a three-fold purpose in mind.
Since any preventive measure intelligently and rationally applied
rests upon an understanding of the etiological factors behind the
disease, it is the first purpose of this paper to discuss the various factors believed to be of i!llportance in the etiology of postoperative pulmonary embolism.

Secondly, a discussion of the

mechanisms believed to be in operation to produce the sudden deaths
from pulmonary embolism will be presented .

Thirdly , this paper

serves for the writer as an introduction to the study of an interesting but tragic postoperative complication.
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INCIDENCE
In approaching a study of postoperative pulmonary embolism
one is naturally interested in the frequency with which this unfortunate accident occurs.

The answer to this question seems to

be influenced by several variables which have been noted in examining the reports that have bee·n made on pulmonary embolism.

Statis-

tics based upon a series of cases in which pu lmonary embolism was
diagnosed clinically but not verified at autopsy will give one set
of figures, while statistics based upon autopsy records wi ll give
another.

Those from a series of patients who concomitantly are

medical problems as well as surgical problems will present another,
and interestingly enough, statistics from different parts of the
country show decided differences.
The incidences that have been reported vary from 0.02% to 6.5%
(8, 9, 10, 12, 19, 42 , 46, 51, 58 , 76, 89, 104, 107).

The hiGhest

incidence was reported by Be lt (12) who reported that pulmonary
embolism was the cause of death in 6.5% of 567 cases in which
necropsy was performed in adults.

He found 56 cases of pulmonary

embolism--40 of which vrere from the medical services and 16 were
sur 6 ical cases.

Other writers report incidences much less than this.

narnes (9) in 1937 reported that McCartney had found pulmonary embolism
responsible for death in 2.72% of 14,419 consecutive postmortems,
in which 9,615 deaths were "medical" and the remainder were postoperative , post-traumatic, or postpartum.
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In 10,940 consecutive

cases in which necropsy was performed in Los Angeles County Hospital,
Collins (19) reported that pulmonary embolism was responsible for
death in 2. 07% of the cases.

Vla. re and Bullock ( 104) reported that

2.6 % of all necropsies showed pulmonary embolism and believed that
it wa s t he cause of death in 84% of the cases in which it appeared.
However, only 27% of their series were postopera tive cases.

Re-

ports in which only cases of pulmonary embolism appearing after
operation are included reveal incidences much lower than even the
preceding series.

nygaa.rd, Priestly, and Barker (8) in 1941 found

that fatal pulmonary embolism appeared in 0.2% of all operations,
in 0.4% of all lapa.rotomies, and in 0.5% of all cases of la.parotomy
in which surgical procedures were done on female pelvic organs.
Ochsner and De Bakey (76) reviewed a series of reported cases of
pulmonary embolism occuring postoperatively.

In a collected series

of 133,458 operations, they ca lculated an incidence of 0.6%, while
in their own series from t he Charity Hospital in New Orleans they
found an incidence of 0 .06%.

In 1937 Henderson (46) reviewed the

records of postmortem examina tions at t he Mayo Clinic for t he prece,1ing 10 years and reported 267 ca ses of postopera tive pulmonary
er.1.bolism, anf incidence of 0.34~~.

In 223 of the 267 (83.5~~). the

emboli were desiGnated a s t he primary cause of death.

Similar re-

ports of incidences less t ha n one per cent ha ve been made by others.
(51, 58 , 89, 107).
Such figures on incidence are more vivi dly illustrated when one
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calculates the number of annual deaths due to pulmonary embolism
or calculates the chances of such an accident appearing in a surgical ~atient.

Barnes (9, 10) studied a series of cases of post-

operative pulmonary embolism appearing in the literature,

Then,

on the basis of these reported series, and subject to whatever
selectivity such a series of cases represents, he estimated that
33,748 people die from pulmonary embolism yearly in the United States.
Then, he continued, if snch a percentage of deaths from pulmonary
embolism is applicable to the general population and if the ratio
remains the same in succeeding years, it may be assumed that 3,06 8 ,000
people living in this country will eventually die of pulmonary
embolisn.

(This estimate v,as made in 1937 and, of course, has

been al tered since t he sudden changes in world events!)

Gibbon (42),

in a similar manner, collected reports on a total of 300,264 operations.

On the basis of these figures he calculated that 7.6~~ of

postoperative deaths a re due to pulmo na ry embolisn and expressed
the incidence of fatal pulmonary embolism in three ways:

1) approxi-

mately one patient out of every 1000 admitted to the surgical
wards of hospitals wil l die from pulmonary e~bolism; 2) approximately two patients out of eve r y 1000 operated upon will die from
pulmonary enbolism, and 3) about 8 out of every 100 deaths following
operation vd ll be due to pulmonary embolism!

McCartney '(66) re-

ported that in ll.5;o of the postoperative deaths at the University
of Him1es ota thrombo-embolism was present, and in 5,3% of the cases
it was believed to be the cause of death.
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Numerous article s have been vrritten to show that thrombosis
and pulmonary embolism have increased since World Viar I.

Part of

this apparent increase can probably be refe rred to comparisons of
dissimilar data.

However, Ochsner and DeBakey (76) who hold with

the ide n of an lncrensed incidence, offer the following factors
in expla ining the increased incidence;

1) Lengthening of life ex-

pectancy; 2) a consequent increase in the number of and lonber
survival of cardiac patients; 3) an increase in the hospitalization
of patients and , in general, an earlier and more widespread
le J S

resort to recumbency, to the practice of "going to bed" witL'\ provo cation than in the hardier days; 4) larger volUI11e of surgery;
5) greater use of intravenous therapy; 6) increased vascular
irritability which may possibly be the result of the markedly increased use of tobacco.

Belt (12) questions whethe r such a re-

ported increase may not be due to more careful autopsy exaninations.
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PATHOGENESIS
Pulmonary enbolisn per se is ~ot a disease.

Instead, it

must be considered , as Ochsner and DeBakey (76) have so aptly
expressed it , "Like the terminal convulsion of uremia .

It is the

tragic final explosion of a disease process that has been smoulder ing undergroun~ for a prolonged period of time.

The popping eyes,

the suffocation , the sudden death , are all caused by the impaction
of the embolus in the pulmonary artery and the formation of a fresh
thrombus about it . 11
Thus the problem of pulmonary embolis~ is basically that of
the intra.vascular clotting of blood - -pulmonary embolism being
merely the most serious complication of that process .

In order

to consider rationally the mechanism of the intravascular clotting
of venous blood it is necessary to divide the proce s s into two types:
1.

Phlebothrombosis which may be defined as a partial or

complete venous occlusion by an intravascular clot which is
unassociated with lnflammation, the clot being loosely attached to the vein wall.

The intravascular thrombus formation

here is due to alterations in the cellular and fluid constituents of the blood, which increase the cl otting tendency , and
to venous stasis .
2.

Thrombophlebitis , on the other hand, may be defined as a

partial or complete venous occlusion by an intravascular clot
which is associated with and dependent upon inflamnation of the
vein wall.

In this case, the thrombus usually has a firm

-
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attachment.

With these definitions in mind one can approach the

theories that have been offered to explain the process of intravenous coagulation.
Aschoff ' s (4) theory of thrombosis is the one most generally
accepted, although in recent years some a pposition to it has arisen .
Years ago Aschoff , Virchow (103), and Welch (105) set forth the
fundamentals of the mechanic s of red and white thrombus formation
which can still be found in most modern textbooks.

The original

theory of Vi~chow was maintained and elaborated by Aschoff and his
school.

Until recent years, the entire concept of femoral vein

thrombosis, its prevention and treatment has been influenced almost
,

entirely by these original concepts.

The origin of the thrombus

was said to be almost always in the femoral vein around the valve
pockets and usually just above the opening of the deep femoral
vein because the head of the clot was usually found in this location.
Aschoff and his school called attention to the possible effect
of compression of the femoral vein by a taut Poupart's ligament.
This was said to occur when a patient was confined to bed in the
prone position.

Theyfurther believed that the compression of the

left common iliac vein by the over-riding right common iliac
artery or the middle sacral artery produces stasis in the femoral
vein.

Numerous other factors were cited which might produce a

slowing of the circulation in the femoral vein---such as obstruction
due to pressure by a neoplasm and sluggish circulation in congestive
heart failure and hypothyroidism.
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The concept of the actual process of thrombosis was expressed
as follows:

Owing to t he sluggish blood stream, and, in some in-

stances, to compression of the veins, retrograde whirl-pools and
eddies occur in the peripheral edges of the venous stream.

Blood

platelets collect here and adhere to t he intima in heaps or transverse ridges.

Leukocytes cling to the platelet formation and be-

come agglutinated.

A thromboplastic substance is produced and

fi brin is formed between the lamina of platelets and leukocytes.
As a result a white thrombus forms which gradually obstructs the
lumen of the vein.

Aschoff called this white thrombus, which was

usually found in the femoral vein above the opening of the deep
femoral vein, the ca.put or head (Kothteil), since he considered
this to be the origin of the entire thrombus.

He believed that

the red coagulation thrombus was formed afterwards in the blood
which was dammed up distally to the caput or primary thrombus.
The thrombus itself was divided into three recognizable portions--a ca.put or head (Kop~teil), a neck (Halsteil), and a tail
(sctra.nste il).

The ca put or head via s considered as the first part

to b reak off in pulmonary embolism and was to be found in the pulmonary artery.

Grossly the proximal end of the ca.put is found to

be rounded and smooth, and its sides show oblique or transverse
lines.

In most cases it has a diameter of 3/8 to 1/2 inch, de-

pending upon the size of the veln in which it was formed.

It is

usually some 1-2 inches in length and one section has a trabeculated
appearance.

On microscopic examina tion it is composed of transverse

-
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and anastomosing laminae of platelets vrith marginal leukocytes
and intervening festoons of fibrin.
The neck is distal to the caput and is a mixed thrombus, composed of red blood cells and leukocytes tangled in a meshwork of
fibrin.

The tail is the most distal portion and is a red clot which

forms the main bulk of the thrombus and is often 8-12 inches in
length.

Coagulation was believed to be due to the thromboplastic

substances which were set free in the caput and which diffused
caudally throughout the clot.

The tail, according to Aschoff,

is formed in the vein after the standstill caused by the organization of the caput.

The tail is practically indistinguishable

from a postmortem clot and is composed of irregularly arranged
masses of red blood cells and leukocytes enmeshed in a network of
fibrin .

As the thrombosis extends from the mixed portion , the

framework of platelets disappears, so that the mass becomes continually reddened and softer , until finally the fragile tail can
hardly be distinguished from blood .
thrombosis:

Lore recent theories of

In the last decade several investigators have

critically attacked some of t he salient features of the Aschoff
theory of thrombosis .

Denecke (30 ) and Olow (79) in 1929 and

1930 respectively, found the earliest clinical symptoms of thrombosis
often appeared in the sole of the foot and the calf of the leg.
This suggested that the thrombosis began in these locations and
was propagated in an upward direction with the bl ood stream and
not in a retrograde direction from the femoral vein .
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Furthermore Homans (49) emphasized the importance of the veins
of the calf as ~n important site of the origin of thrombosis which
gave rise to an ascending thrombosis.

This was followed by the

extensive pathological investigations of Roessle (88) in 1937
and ifoumann (75) in 1938.

These authorities also claimed that

the plantar veins and veins of the calf play a dominant role in
thrombosis and are the site of primary thrombus formation.
Finally Frykholm (40) in 1940 reported on a very thorough study
of thrombosis of the pe 1vie and leg veins .

He quest ions v1hether

or not a retrograde thrombosis ever occurs against the direction
of the blood stream.

In his series he observed that always the

progression of the thrombotic process was in the direction of
normal flow.

He came to the conclusion that there are four import-

ant locations in which venous thrombi might originate:

1) the

plantar veins, especially in young patients; 2) veins of the
musculature of the calf; 3) the branches of the deep femoral
vessels of the thigh; and 4) the visceral pelvic veins.

Frykholm

is of the opinion that when a patient is confined to bed , these
veins are more or less collapsed .

This, according to Frykholm,

allows the walls to touch in places.

CAving to the nutritional

disturbances and the trauma which results from this contact ,
desquamation and death of the intimal cells may occur, and thrombos ing begins in the injured area.

From the surface of this small

thrombus, Frykholm maintains , substances are given off to the passing
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blood and these promote coagulation, so that layer after layer of
the blood mass becomes coagulated.

The process moves onward with

the circulating blood in a longitudinal direction, until finally a
vein which was pressed together becomes completely distended vrith
the thrombotic masses and regains its circular contour .

As the

thro~bus propabates upward , it finally protrudes through the opening of the deep femoral vein into the upper part of the femoral vein .
A white thrombus then forms at this point, caused by the platelets
and leukocytes sticking to the walls of the vein.

Organization

with surface corrugations produced by whirl-like eddies takes
place .

A dilution of the thromboplastic substances which have

caused the coagulation of the clot below, alon 6 vrith the rapid
vrashing by the blood stream at this location, prevents formation
of a red clot .
Such observations strongly support a theory that the ''thrombus
headn of Aschoff (white thrombus) can no longer be ree;arded as tre
primary part of the thrombus.
last part to be formed .

Rather, it can be considered as the

The work of Bauer (11) seems to support

such a theory , since his findin 6 s showed that the great majority
of the venous thrombosis in the legs, of all types, begin in the
calf and foot.

Furthermore, Sears (93) thought that most thrombi

begin within the veins of the calf muscles and may spread rapidly
to the femoral vein region---or higher .
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SOURCE OF EMBOLI

Before embolism can take place there must be a thrombosis of
a vein in some pa rt of the body.

Vi'h en pulmonary embolism occurs

or is found at postmortem , one is immediately curious as to its
origin.

As necrops ie.s are ordinarily done , the site of the primary

thrombosis is found in only about 2/3 of the examinations, although
complete examinations may fail to reveal the source (66).

Perhaps

in such instances the entire thrombus had been torn loose and a
sr:iall roughened a rea on t he intima of a vein might be easily
overlooked (66).
As stated previously, the generally accepted view of the
origin of the thrombi causing pulmonary embolism is that view of
Virchow and Aschoff.

This school believes that the thrombus or i-

ginates as a true platelet thrombus in the femoral vein and its valve
pockets.

Many early reports seemed to verify this theory.

Hender-

son (46) in 1927 reported that the four most common sources of the
emboli , when found, were the iliac veins, the femoral vein , the
pelvic veins , and the prostatic plexus in that order of frequency ,
75% of t he t hrombi originating in these locations.

·w are and

Bullock (104) found that the most common sites were the pelvic
veins , including the ilia.cs , the periprostatic veins, and the
broad liga:r.ient , ·with the lower extremity and the heart occurring
in second and third places respectively.

However , they added that

probably more had their origins in the legs but were not found because
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the legs were rarely explored unless indicated.
Shively ( 58) found the original sites in

78J~

Kirschbaum and

of the cases and re-

ported them in the following order of frequency:

common , internal,

and external ilia.cs , hypogastrics, femorals, ovarian, uterine,
and prostatic plexus.

Collins (19), Belt (12), and Lindsay (62)

made similar reports showing the greatest frequency in the femoral
and pelvic veins.
However, as indicated before, the theory of Aschoff has been
called in question by a number of investigators whose work will be
summarized in Frykholm's paper (40).

Frykholm credits Denecke (30)

and Olow (79) vrith first proving that the earliest clinical symptoms
of thrombosis in the lower extremities appear in the sole of the
foot and calf .

As early as 1934, Homans (48) in this country, sup-

ported by clinical pathologico- anatomic observations, emphasi:zed
the great importance of the veins of the calf a s areas of origin of
ascending thrombi.
Very possibly because of lesser restrictions on the extent of
dissections , the first extensive examinations of leg veins were
done in Germany.

Thus Roessle, (88) in 1937 published observations

based on 324 postmortems in persons over 20 years of age.

Of these

27.1% (88 cases) harbored thrombi in the veins of the calf .
comitant thrombosis of the femoral veins were found 38 times.

ConIn

only 7 instances did he find thrombosis in the femoral or hyp ogastric
veins in the absence of thrombosed leg veins.

It was his opinion

that although thrombi from the leg veins were rarely fatal, they
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we r e nevertheless significant because i t is from thrombi here ,
propagating into the femoral veins , that massive emboli spring.
Even so in carefully dissected preparations he discovered 3 instances of pulmonary embolism ac countable for only on the basis
of an origin f r om the calf veins.
Equally interesting is Neumam1 's (75) report on a series of
165 consecutive autopsies in which the venous system was widely
and thoroughly searched for thrombi , with particular attention to
the veins of the lower extremities.

In the 100 subjects exhibiting

thrombosis of the legs, the localization was:

plantar region , 7l~i;

internal malleolar region, 17%; leg , 87%; thigh , 22%.

The calf

veins were much more affected alone (29%) than were the plantar
veins alone (12 1{).

Of his subjects with thrombosis of the lowe r

extremities , 11 .1% had fulminating fatal pulmonary embolism , and
of these more than 80% had clots in the veins of the feet and calves .
Hunter and his co-vmrkers (53) in 1941, after a study of 351
autopsies , expresseu the belief t hat although fulminating enboli
often spring from the femoral vessels , thrombosis here represents
an extension f ron older clots i n the legs and feet and that lesser
emboli, often in showers, frequently originate from the veins of
the calf .

In 1945 , Hunter and his associates ( 54) published

additional statistics on autopsies in which the dissection of the
femoral and adductor veins was carried out .

On the basi s of 200

such examinations they found that phlebothrombosis of the lower
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extremities be gins in the deep vessels of the calf and tends to
propagate toward the heart , and that thrombosis of the femoral veins
alone is an uncommon occurrence.

Rupp (89) noted that in 659 cases

of pulmonary embolism the calf muscles were affected four times
oftener than the thigh muscles.
From the reports presented above , one can see that the
greatest percentage of pulmonary emboli have their origin in the
veins of t he lower extrer.1.ity and the pelvis..

The upper extremities

are cor1paratively infrequent sources of pulmonary emboli and when
present are brought about either hy trauma , as the axillary
;,.
thrombosis of effort, or following axillary dissection as "e.
carcinoraatous periphleb itis or following intravenous injections
or infusions (2 9).

The findings of Jarke r and his associates (8)

are typical of those of other workers.

They found after studying

1,665 cases of postoperative embolism t hat venous thrombosis occurred
in 1,401 locations.

More than 85~~ of these locations were in the

veins of the lower extremities and about 8.31~ occurred in the veins
of tJ-,e abdominal viscera.

The rest ·were found throughout the body.

Of course , one must consider that the symptoms of pulmonary
emboli might be due to a progressive thromhosis in the pulmonary
artery with fatal symptoms ari sing when and if the occlusion• becomes absolute.

Robertson (87), in discussing this possibility ,

pointed out that practica lly all pulmonary emboli exhibit a coiled
appearance which could only be produced by churning about and
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being throvm forcibly into the pulmonary artery and that studies of
obstruction of the pulmonary artery by graduated external compression had shown that complete obstruction caused death but that
partial obstruction caused few symptoms.

It would be difficult,

he continued, to explain the progressively severe symptoms of the
patient with incomplete block of the pulmonary artery on the bas is
of pulmonary thrombosis alone.
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PREDISPOSING FACTORS
The process of thrombosis is quite closely related to the
normal process of coagulation of blood, but normally there is no
intravascular clotting during life.

Thrombosis is primarily a

physiological process constituting a defense mechanism.

If blood

did not norr.ia.lly clot after a blood vessel was opened there could
be no successful surgery.

Normally , clot formation sufficient

for the purpose of plugging the severed vessels takes place and
then ceases.

Y:l hy it ceases is as great a mystery as why it starts.

In patients who develop thrombosis, with or without embolism,
clotting of blood goes far beyond the nornal li.mits, and clots
forn where there ha s been no obvious injury to a vessel .

The

process of coagulation, however, is still a defense mechanism which
is brought about by some ca.use or causes which overwhelm the
normal limiting f a ctors, whatever they may be.

Thus a normal reaction

becomes pathological by its excess , its location, and the surrounding. conditions, the most important of which is its intrusion into
the centripetal blood stream where it tends to self propagation
until overtaken by natural limiting forces.
1'1hy this abnormal clotting truces place is not entirely clear .

Many factors apparently operate to ca.use thrombosis.

First a.Mong

these f a ctors are those which seem to be predisposing in nature.
The more common predisposing factors vrill be discussed in turn.
AGE:

Although pulmonary embolism in postoperative patients can and
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does occur in all ages , the reports of nearly all investigators-whether the reports be statistical, clinical, or pathological- emphasize the fact that venous thrombosis and embolism occur much
more frequently in the later decades of life than in the early
years.

The highest incidence is after the age of forty.

Ochsner

and DeBakey (76) in 1939 pointed out that the incidence of thrombosis
increased with advancing age and that the age with the highest
incidence va ries from 40 to 60 years but that most writers agree
that thrombosis is uncommon before 40 years and mostly found after
45 years.

Priestly and Ba rker (85), reporting on a study of surgery

patients over a 13 year period at the Hayo Clinic , noted that thrombosis and embolism occur relatively seldom in young patients.

In

a consecutive series of abdominal hysterectomies, they noted that
the incidence of thrombo-embolic phenomena was definitely greater
in patients over 40 years of age than it was among those less than
40 years of age.

As age increased beyond this point, there seemed

to be no corresponding increase in the incidence of thrombosis or
embolism---the incidence remained between 4% and 5% for all persons
more than 40 years of age.
Barker and his co-wor~ers (8) reported in 1941 on 1,665 consecutive cases of postoperative venous t hrombosis and pu lmonary
embolism following 172,888 operations.

Their youngest patient was

10 years of age and the oldest was 88.

However, these accidents

were noted to be quite rare in patients less than 20 years of age.
More than 50% of the cases occurring in men were found in patients
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between 50 and 69 years, and more than 60% of the cases in women
were found in patients between the ages of 4C and 59 years; thus ,
these complications were seen among women at a slightly earlier
age.

However, one might note thut this earlier age coincides

with the a 6e group of women in whom more extensive procedures-such as hysterectomies--are performed.
The observations that pulmonary embolism is u more frequent
complication in pa tients over 40 years of age ha ve been repeated
by many other writers (12, 19 , 20 , 46 , 51, 56, 58 , 62 , 63).
SEX:

The reports ubout the incidence of pulnonary emboli sm in the

two sexes are somewhat conflicting, and thorough studies into this
aspect of the problen of pulmonary embolism are conspicuously few .
Ochsner and DeBakey (76) state that the sex incidence depends
largely upon the type of operation.

Priestly and 3arker (85) in

1942 reported that although thrombophlebitis hud a higher incidence

in women, approximately 3: 2, pulnonary embolism , fatal and non-fatal,
was more frequent in men .

They had no explanation as to why throm-

bosis should occur more often in women and enbolism more often in
men , but stated that it could not be explained on the ha.sis of
difference in the surgical procedure performed on the two sexes.
Henderson (46) , on the other hand, found hardly no difference- 104 of his cases being in nen and 119 in ·women.

In two earlier

studies (64, 65) 1:IcCartney had reported that it appeared that fatal
embolisn was more common in men , but after fatal trauma was more common
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in vrnmen.

Howe ver , a later report (66) indicated that thrombo-embolism

and fatal pulmonary embolism are more common in wome n--thrombo -embolism
occurring in 9.1% of men and ll.2;1a of women , and fatal embolism in
2.2% of men and 3. 35'~ of women.

Yet , as one exam ines these reports

and notes the relatively slight difference in t he incidence per centages, he cannot help but wonder if these differences are significant .
OBESITY:

Most observers have emphasized and agre ed that obe sity

seems to be a definite predisposing fac tor to the devel opment of
thrombosis and pulmonary embo lism.
study of this etiological factor .

Snell (98) reported a. specific
Of 156 postoperative deat hs

studied , the cause of death was thrombo - enbolism in 30 . 7 ~~ of the
cases , and in comparing an obese group of patients with a control
group he found that pu l monary embol isin was about three times as
freq uent in the former group than in the latter .

Similarly , Barke r

and his co-workers (8) state that 4~~ of patients who we ighed less
than 200 pounds developed thrombo- embolism, whereas

s;; of those

weigh in g more than 200 pounds developed the sRme compl i cati on.

In

one s eries of operative procedures (intestina l operations) they
found that thrombo - embolism occurred i n 3 . 2;{ of those who weighe d
less than 200 pounds and in 7 .1% of those who weighed more than 200
pounds.

Henderson (46 ) in 1937 found in his series that patient s

who developed pulrlonary embolisn postoperatively averaged 13 pounds
overweight .

Other writers (19 , 20, lOe) have reported similar

findings.
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Constitutional diathesis:

Few Anerica.n writers have placed any

e:ri.phasis on this factor.

However, Ochsner (76 , 78) belie ves that

a constitutional predisposition to thro~bosis undoubtedly plays a
role in many cases .

He points out that cases have been reported

in vrhich there is apparently a familia l tendency and that there
exis ts a thrombo-embolic diathesis which is a part of the aesthenic
adipose type .

These individuals are described as being overweight,

weak -muscled and pale skinned with increased coagulability of the
blood and having a weak circulation, relatively low blood press ure,
va4 otonia, and psychic lability.
SEASONAL INCIDENCE:

~,:uch has been w-ri tten to show that pulmonary

embolism has a seasonal incidence.

Ochsner and DeBakey (76, 78)

found that intravenous clotting occurred nore frequently during
the ,Spring and winter months than during the summer month s and
that the incidence is definitely higher in the northern clinics than
in the southern clinics.

The average incidence in the northern

states was found to be 0 .74 per 100,000 population as contrasted
with 0.41 per lC0 , 000 population in the southern clinics.
Some discrepancy ex ists among the variou s writers (27, 58 , 60 ,
70 , 76 , 78) who have noted variances in the seasonal incidence of

'

pulmonary embolism, but in general most agree that the highest
incidences occur in the spring and fall (March, April, September ,
and Octobe r), the times of the year with the greatest fluctuations
in barometric pressure and tenperature.

Faure (36) noted the highest

incidence to be from December to February , believing that the
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ngrippal" infections were responsib le for this increase.
However , Schneidter (91) and 1,rcCartney (66) were unable to
determine any seasonal influence on the incidence of pulmonary
embolism .

McCartney (66), reporting on material covering a 20

year period , found that month by month and year by year the number
of examinations ran a fairly uniform level, although the number
of postmortem examinations had gradually increased.

The incidence

of thrombo-embolism followed a similar uniform course, without
evidence of a seasonal influence .
SITE OF OPERATION:

Of all surgical procedures, pulmonary enbolism

and venous thrombosis show the highest incidence following operations
in which an incision has been made in the anterior nbdomlnal wall

(8,

19, 46 , 56, 58 , 62 , 63 , 76).

Of the abdominal procedures, those made in the lower abdomen ,
particularly those performed upon the pelvic viscera. , aro followed
more often by thrombo-embolic processes than those performed in the
upper abdomen . (8, 56 , 62 , 76).

Barker and his collaborators (8)

in their study of 172,888 operations, divided them according to
site and magnitude of operation.

They found that venous thrombosis

and pulmonary embolism are relatively tv,ice as common following
laparatomy as they are following all operations and that they are
three times as common following laparotomy in which operations on
the female pelvic organs were done as they ·were following all operations.

In addition , they noted that the highest incidence of venous
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thrombosis and pulmonary embolism occurs in operations in which
there is laparotomy and extensive resection of tissue.

They pointed

out that these were operations of relatively long duration and of
relatively great magnitude and suggested that the magnitude and
durations of operation were important in considering the significance of surgical procedures as an etiological factor in thrombosis
and embolism.
Some disagreements, however, have been noted in significant
reports.

Henderson (46) could find no difference in the incidence

after operations in the upper abdomen from that afte r procedures
in the lower abdomen .

However , more cases of pulmonary embolism

did follow intra-abdominal procedures (80. 7%) than followed extraabdominal procedures (19.3%).

McCartney (66) suggested that

while certain operations are more likely to be followed by pulmonary
embolism than are others , one must consider factors other than
the site of operation before such a statement is made certain.---two
of these additional f a ctors definitely being the age of the patient
and the sex of the patient .

So far no careful analysi s of the site

of operation in relation to the sex and age of the patients has
been made .
'fhy surgery of the extremities, trunk, head, neck, and thorax
are followed much less commonly by thrombo-embolic phenomena than
follov.ring abdominal surgery is not definitely kno-wn.

However , the

following possible factors have been given : (85), 1) shorter confinement to bed; 2) a greater distance from the usual sites of
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thrombosis; 3) lesser degree of trauma to the large veins; 4) less
interference with the respiratory tract during the postoperative
period; and 5) less effect on the postoperative rate of venous
flow.
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PRECIPITATING FACTORS
Since the teachings of the older pathologists have predominated , it has been customary to regard:

1) slowing of the circula-

tion, 2) changes in the coagulability of the blood, and 3) changes
in the vessel wall as the three main factors directly responsible for
the intravascular coagulation of blood .

However , each of these three

major factors may be subdivided into numerous factors which contribute and exert their effects to produce the major factor .

Most

writers agree that intra.vascular clotting is rarely caused by
one factor acting alone.

Instead a combination of the far.tors

are believed to exert their collective effects to produce the
abnonnal condition.
SLOWING OF THE CIRCULATION:

Vfi thout a doubt .this is the one

factor about which most investigators are in complete agreement as
to its importance (4, 9, 12, 20 , 23, 26, 28 , 31, 40 , 47 , 76, 84,
106).

Circulatory retardation may be due to a number of factors

that seem to exert their influence upon a patient quietly lying in
bed and recovering from a surgical procedure.
circulatory retardation are:

The causes of

1) anatomical, 2) postural , 3) immo-

bility, 4) hypopnea , 5) increased intra-abdominal tension , 6) decreased heart action , 7) vasospasm.
In discussing slowed venous return, one first of all might
consider the factors which would operate to produce venous stasis
in any person confined to bed for any length of time and then
consider the factors more or less peculiar to the postoperative
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patient, particularly one who has had an incision in the anterior
abdominal wall.
Two anatomical peculiarities exist in the iliac and femoral
veins which produce a certain amount of compression with resulting
stasis.

One is in the left iliac vein as it crosses the promontory

of the sacrum.

The other is in the femoral veins as they cross

beneath Poupart's ligament.
There is, moreover, a disadvantageous relationship of the iliac
veins to the corresponding iliac arteries.

Both coIIlI!lon iliac veins

pass behind the right common iliac artery, the left being the longer
and crossing at a more nearly right angle.

Both external iliac

veins pass behind the corresponding hypogastric arteries.

Com-

pression of the common iliac veins, especially the left is therefore
obvious.

The result of these factors is to make left side thrombosis

more common than rii:;ht side thrombosis (8, 16, 76).

Aschoff (4)

holds that in a bilateral process the thrombosis on the right is
likely to end at the inguinal ligament, while that on the left
mounts to the point where the external iliac vein is compressed by
the hypogastric artery.

The importance of Poupart's ligament has

been repeatedly emphasized by some writers since the "white portion"
of the thrombus is frequently found beneath that liganent in postoperative thrombosis which result in large fatal emboli.
Fryk:holm ( 40) , however, as has been discussed earlier in this
paper , has presented a theory as to the pathogenesis of phlebothrombosis which is contrary to that presented by older pathologists .
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Consequently, he has indicated a new set of factors retarding the
circulation in the lowe r extremities of a patient confined to bed .
The factors which he presents are as follows:
1. The calves and thighs lie pressed aga inst
the mattress --this being particularly true in
obese people whose t highs push aga inst one another .
2. The activity of the muscle groups involved
is greatly reduced in patients confined to bed .
Most movements are to occasionally bend the knees
upward , in which the psoas and rectus femoris
are chiefly util ized , and then to straighten the
legs, chiefly by their ovm weight and with sli ght
ass i st~nce from the quadriceps of the thigh and
the great glutea l mus c les.
3. A dininished flow of blood to the extrenities
results in consequence of the lessened need . This
de cre ased quantity of flow affects mainly the mus culature of the calves and the add uct or muscle s-where he be lieves that most thrombi orii;inate.
4. The r ather wide but thin -walled veins imbedded
in the calf muscles then collapse since they no
longer have the pressure of a considerable venous
column to distend them . This collapse again
would e s pecially affect the veins in the ca lf and
thigh which a lso have the mechanica l pressure of
the mattress aga inst them.
5. As result , intimal will lie aga inst intima in
these regions , and a n inimal tr ickle of blood will
pass through the se crack - like lumens , thus setting
up the conditions needed for platelet agglut ina tion
and deposition.
Roessle ( 88 ) also holds that compres sion of the veins is a
most important etio l ogical mechanism, particularly in obese patients .
Friedlander (38) believes that obesity adds a further handicap
to the return flow of b lood through the femora l veins because the
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femoral canal is encroached upon by fat and because the fat bolster
in the buttocks is larger and thus results in the greater eleva tion of the pelvis.

This makes a higher angle in the femoral canal

and thus interferes with the blood flow into the pelvis.
Position:

The position which the patient assumes or in which the

patient is placed can minimize or can magnify the retardation which
has resulte d from normal anatomical causes.

Fowler's position

for a patient on a regime of prolonged bed rest is believed to
create a venous pool in the pe 1 vis , and ·with flex ion of the leg
on the thii;h stasis resul t s in the popliteal ~ because of the
dependency of the leg and also because of the kinking at the
popliteal vein, (76 , 78).

In addition , the frequently employed

pillow beneath the knees when the patient is in the supine position favors slowing of the b lood in the legs (54, 78).

According

to Friedlander ( 73) with the patient in the supine pos itlon vascul ar stasis is f e vered because o~ t he uphill course of the femoral
vein to join the iliac at the pelvic entrance.

However, Friedlander

(38) takes exception vrith the popular belief that flexion of the
thigh on ~~he trunk causes compression of the fenoro - iliac vein
under the femoral ligament .

He believes that less stasis results

when the foot and leg are elevated in a straight line (thus causing no popliteal compression) o.nd when the thigh at the same
tin1e is flexed 45° on the trunk.

He demonstrated that if the thigh

is extended and on level with the trunk , the fenoro-iliac veins
are kinked as they pass from the thigh dovm into the pelvis and
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that the veins nssurned a straight direction if the thigh is flexed
forty - five degrees.
DEFICIBNT CARDIAC LCTION:

Enforced bed rest usually causes some de-

crease in cardiac function since the demands of activity are no
longer made upon the heart .

However , impaired cardiac action

further decreases normal circulation and increases the venous
stasis in the lower extremity since one of the factors necessary
for maintaining venous pre ssure--i.e. the pumping action of the
heart -- is impaired . · Thus impaired cardiac action ha s been found
to be a very important etiolo 6 ical f a ctor in thrombosis .

It has

been observed that in patients vrho succur:ib to various medical
conditions , vlith evidence of thrombosis or embolism at postmortem ,
cardiac disease is more prevalent than any other condition (17).
Thus one would expect that the additional factor of an operation
in these patients would reveal a higher incidence of thrombo-ernbolic
phenomena .
Bauer (11) found that 95 out of his 100 cases of postoperative
thrombosis and enbolism had hearts that were not norP1.al .

Heart

damage was pre sent in 64 . 31~ of the cases of Kir chbaum and Shively (58) •
·w are and Bullock (104) were impressed by the striking nunber of
cardiac cases in their series.

They found that 35% bad definite

signs of de compe nsation and 177~ had marked anatomical changes in
the heart without signs of decompensation.

Pulmonary enbolism ·,vas

practically twice as comnon among patients who had heart disease
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"'

as it vra.s among patients whose hearts were not damaged in the cases
reported by McCartney (64).
above have been made by Burke

Observations similar to those presented

(17) ,

Barker

(8) ,

Henderson

(46)

and

Belt (12).
Tihat is the relationship of cardiac incompetence to the
development of venous thrombos is?

The nature has never been de -

fined beyond the general assumption that the circulation is retarded.
Definite evidence that the velocity of the blood fl ow in the veins
is decreased when the function of the heart is impaired has been
offered by Blumga.rt and We iss (14) .

They have shown that the circu-

lation time is appreciably prolonged in cases of cardiac insuffi ciency, that the velocity of flow from the peripheral veins to the
right heart is definitely ::;lower than in normal individuals , and
that the venous pressure is increased .

These observations make

it possible to postulate a slackened venous blood flow as a factor
in most cases of pulmonary embolism .
Unfortunately no definite classifications or distinctions of
the types of c~rdiac disease present have been included in the above
reports.

However in any case it seems lo 6 ical to assume that the

incidence of thrombosis is more dependent upon the condition of the
heart and the circulatory system than it is upon the exact disease
process present .
Inactiviti:

The relative immobility of the lower extremities while

in bed is of great importance in favoring vascular stasis.

Enforce d

bed rest fron any cause may slow the blood stream , especially in
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certain parts of the body.

Possibly the f a ctor of inactivity is

of more importance in older people than in younger patients.

An

older pers on with impaired muscular tone and cardiovascular system
should be a. much more likely candidate for t hrombosis and enbolism
than a young person with good muscular tone and a sound cardiovascular system, if ea.ch is subjected to the same operation and trauma. .
In fact, Hunter and his associates (54) believe that the common
denominator in thrombo-embolic phenomena. is sudden confinement to
bed of a previously ambulatory older person without the benefit
of exercise or the a.id of gravity in the maintenance of an efficient
venous circulation.
Frykholm (4C) has shown that the movements of the legs of a.
patient at bedrest are limited a.nd usually do not involve those
muscle groups whose nc tivity is important in maintaining normal
active circulation through the lower extremity.

The affects of

exercise upon t he circulation time by exercise has been shovm by
Smith and Allen (96).

~vo

minutes of rapid movement of a leg

lying in the supine position invariably increased the speed of flow.
Potts a.nd Smith (84) have presented a series of cases which emphasize the importance of inactivity in the etiology of thrombosis a.nd
pulmonary embolism.

In 837 postoperative patients nho performed

routine deep breathing and leg exercises there were no ca ses of
phlebothrombosis , pulmonary infarction, or fatal pulnona.ry embolism .
In contra.st to this were 124 patients who had fractures requiring
immobilization of one or both legs and 150 patients who did no
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exercises and who were no more active than the average postoperative
patient.

In the former cases there were 5 cases of phlebothrombosis,

6 cases of pulmonary infarction, and no cases of pulmonary embolism.
In the latter group of patients t here were 4 cases of phlebothrombosis, 1 case of pulmonary infarction and one fatal pulmonary
embolism.

In a previous series (83), Potts reported no cases of

embolism or phlebitis in 518 cases in which exercises were routinely
performed while 5 cases of phlebitis with three non-fatal emboli
occurred in 95 control patients who could not or wou ld not exercise.
In compa ring the relative inactivity of the lower extremity
with the much more active ly used upper extrenity, one can see a
possible explanation for the relative infrequency of thrombosis in
the upper extremity.
Vasospasm:

Smith and Al len (96), in their studies of the rate of

venous blood flow, found that the most important influence on the
time of b lood circulation through the lower extremities was the
temperature of the skin.

The circulation time was invariably in-

creased when the skin was cool and vro.s invariab ly decreased when
the skin was warm, regardless of whether vasodi latation was produced reflexly by heat , by ingestion of alcohol, or by sympathectomy.
Ochsner and DeBakey (77) have pointed to the difference in the
incidence of pulmonary embolismin the northern and southern clinics
and in the various seasons of the year and have then raised the
question as to whether or not the differences in envir onmental
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temperatures might not be one of the factors explaining this difference.

They theorize that cold weather would be a stimulus to

vasospasm , which is particularly marked in the lower extremities,
while warm weather would favor vasodilatation and increased blood
flow.
Few writers have emphasized the importance of smoking as a
possible factor in the retardation of circulation through the
vasospastic action of nicotine.

Ochsner and De Bakey (77), however,

consider this factor to be important and urge their patients to
stop smoking a few weeks before surgery is to be performed.
The Postoperative Patient:

In the postoperative patients all of

the f actors discussed above are or could be functioning to favor
venous stasis in the lower extremities.

However, certain additional

factors, peculiar to the postoperative patient , are present , especially in the surgical patient who has had an incision in the
anterior abdominal wall .
Norma l venous circulation is maintained by the vis a tergo
of the system which is determined by:

1) the level of the systemic

blood pressure; 2) contraction of the skeletal muscles; 3) negative
intrathoracic pressure which varies with normal respiration; and
4) the plunger-like action of t he li var which is secondary to the
respiratory movements and which tends to squeeze the blood out of
the intra-abdominal venous channels.

All of these mechanisms are

likely to be d i sturbed following operations on the abd omen.
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The circulation time in postoperative patients is not normal.
(95, 96).

Smith and Allen (95) studied the circulation time from

foot to carotid sinus and fr om a rm to carotid sinus in ma.n, using
the sodium cyanide injection method.

The experiments were mnde

upon postoperative patients under the usual postoperative conditions,
no attempts being made to control the environment or the patient's
actions.

No significant alterations were noted in the arm to

carotid sinus circulation time.

However, more significant find-

ings were made in studying the foot to carotid sinus time.

For

two to six hours postoperatively the time was decreased significantly.

Two days after operation the average foot to carotid sinus

time was greater than the ave rage preoperative time.

Beginning on

the fifth postoperative day the average time increased rather
marked ly, the circulation time being approximately 58. l~~ slower by
the eleventh day.

The decrease d circulation time immediately after

operation apparent ly results from the vasodilating effects of
anesthesia, of fever, and possibly from tachycardia.
Frieman-Dahl (39) has similarly made determinations of the
emptying time of the saphenous vein before and af'.ter operation and
in patients who had been bed -ridden for a considerable period of
time.

The normal empty-time (determined by the injection of

opaque media and observing its movenent s by fluoroscopy) was 5-30
seconds.

Bed• ridden patients, unless they had toxic thyroids,

showed a retardation of from one to two minutes , whereas afte r
major abdominal operations the emptying time was prolonged 3½ to 4
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minutes !

This retardation was noticeable on the day following

operation, but gradually increased up to the fifth or sixth day.
In some cases the venous flow was practically stagnant up to the
time the patients got up.
Smith and Allen (95) felt that it was more than a coincidence
that tho apparent average time after operation at nhich thrombosis
occurs corresponds to that period in which the foot to carotid
sinus circulation time is the sl owest when compared to the preoperative circulation time.

Althoubh there is considerable va ri-

an ce in the statistics reported upon the time after operation
•;hen pulmonary enbo l ism nost comnonly occurs ( 8 , 46 , 56 , 58 , 68 , 70,
85 ), one can conclude, after examining such statistics, that the 7-

14th days after operation a re the most dangerous since most emboli
seem to occur within this period .

This wou ld mean that the thrombus

had formed and had broken loose in this period , or had been formed
just shortly before this time.

Hence, the thrombus was probably

formed at a time when the circulation time has 1een shown to be
the slowest !
Smith and Al l en ( 95 ) did not offer any definite reasons as to
,•rhy the changes occurred in the circulation time postoperatively.
It was their opinion, however , that two very important factor s for
s uch a slowing were c ooling of the extrenitie s and the inactivity
and poor positions often found present in the l~v,er extremities .
VIhat other factors mic;ht be present in the postoperative
patient to induce venous stasis?

Of primary inportance in the
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maintenance of adequate venous return from tl:e lower extremities
are the alternatini:; pressures in the p l eural cavities and the
plunger-like action of the liver, both of which are dependent
upon the upward and dovmward excursions of the diaphragm in respiration.

One would expect to find the movements of the diaphragm

somewhat diminished in the postoperative patient who had undergone
an incision in the abdominal wall because of the discomfort that
mir;ht result fron deep breathing.

Such breathing would cause an

increase in the intra-abdominal pressure and suhsequent wound tension.

The studies of Frieman-Dahl (39) have shed very accurate

information on the mov3~ents of the diaphragm in the postoperative
patient and ha ~e born out such an expectation.

He found that for

one to twelve days after operation there is marked reduction in the
movements of the d.:.aphragm..

This was especially true in the upper

abdominal operations, the site of the surgical vround affecting the
homolateral side of the diaphravn very conspicuously.
atey (82) and Lister (63) also noted poor movements of the
diaphragm postoperatively and emphasized the importance of wellbalanced respiration in maintaining an efficient circulation in
the lower extremities .
The flow of blo od through the ilio-feP1oral bottleneck is
additionally impeded by increases in intra-abdominal pressure (47).
Such an increase in tension could be produced by intestinal
distention (resulting from ileus and gas), by repeated coughing ,
strainin~ , and vomiting, and by splinting the abdomen with con-
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stricting dressings.

Intestinal distention and the splinting of

the abdomen by constricting dressings and bindings would also
impair the mobility of the diaphrngm.
In spite of the general belief that venous stasis is probably
the most important etiological f a ctor in thrombosis in the veins of
the legs , stasis per se cannot be indicted as the sole cause of
thrombo - embolic phenomena.

If slowing of the venous circulation

is responsible for thrombus formation , it should be possible to
produce thrombosis experimentally without injury to the intima of
the vein , without the use of foreign bodies in the lUJ"'len of the
vein , and without the application of caustics about the vein.
This is not the case .

Potts and Smith (84), experimenting on

the external jugular veins of dogs, found that a single ligature
applied with sufficient tightness to reduce the flow 1/2 to 2/3
normal produced no thrombosis at the end of seven days .

However ,

if double partial ligatures were applied- - i . e . a segment of vein
between two constrictions--a high incidence of throribosis was produced.

Could this mean that the single ligature failed to produce

the whirls and eddies described by Aschoff as being necessary for
the production of thronbosis?
Uiller and Rogers (71) also demonstrated that blood would
remain fluid for sorie time between two sterile ligatures .
In addition , if the slowed circulation in the veins was the
sole cause, it seems that

thrombosis and embolism should occur

ri.ore frequently than they do since the . circulation in the leg veins
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slovrs at some time or another after operation in about 827~ of instances (95), vrhereas the incidence of postoperative venous thrombosis and pulmonary eJ'1bolismis much lower.

Thus it would seem that

a slovmd blood stream is an .important contributing factor that
is probably unahle to give rise to a thrombus alone.
An interesting r.i.edical sideli 6 ht of the b ombing of London in·
1940 has a bearing upon the factor of nechanical obstruction to
the veins of the lower extremities.

In a short paper, Simpson (94)

comments on the striking increase in the number of deaths from
pulmonn.ry embolis:r:i among elderly people vrho sat night after night
in the shelters in deck or similar type chairs.

The wooden cross-

bars caused pressure on the back of the thieh or on the popliteal
vessels, and the legs were dependent .

Such conditions favored

the development of phlebothrombosis, and, as a result, the incidence of pulmonary embolism was markedly increased over what it
had been the previous year .
IlWREASED COAGUI.ABILITY OF 'l'HE BLOOD:

A study of the effects . of

altered coagulability of the blood as an etiological factor in
postoperative thrombosis and subsequent pulmonary embolism begins
with the recognition of the fact that thrombosis is a specific
process to be distinguished from mere coagulation , or as it is
generally called , clotting .

Coaeulation has little relationship

to the thrombosis which occur in veins during the convalescence
from surgical operations , childbirth , fractures, and in the course
of such serious disorders as a decompensated heart (47).
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In all

these states, the primary process of the thrombosis is an a dhesion
of an agglutination of blood platelets, thrombocytes, to the wall
of some vein .

Only when the primary deposition of platelets has

occurred and tough layered masses of thrombocytes have begun to
project into the lumen of a vessel does any coagulation set in.
Thus the most important part of the thrombus is built before
clotting really starts . (47)
Yli th such a view in mind, one comes upon the quest ion as to
whether or not a surgical procedure causes changes of :importance
to occur in the formed and the fluid elements of the blood.

Num-

erous studies have been made into this question and definite
chanbes have been found.
Allen (1) made extensive studies of the changes found in the
blood of patients after surgery.

His studies revealed a decrease

of 200,000 to 1,000,000 cells in tho postoperative red b lood cell
counts.

The average decrease was 600,0CO cells and appeared almost

immediately postoperatively.

This drop, however, was soon followed

by a gradual rise to the normal preoperative level.

Allen offered

no reason for thin change but suggested these changes might indicate widespread vasomotor disturbances which definitely influence
intra.vascular clotting.

In contrast to this, he found an abrupt

rise in the postoperative leukocyte count.

This increased count

varied from 5,000 to 11,500 cells but averaged about 8,000 cells.
The count then fell to normal limits almost as abruptly as it had
risen.

This change has an important connotation since the leukocytes
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a.re known to furnish thrombopla.stic substances that play an important part in the coagulation processes.
Since platelets a.re considered as being of primary importance
in the initial changes leading to thrombus formation , any post-

operative changes in then -vrnuld be of interest.

Hucek (52) in

1926 was the first to record the observation that after surgical
procedures the platelet count behaved in a certain definite manner .
During the first few days there was a slight fall in the platelet
number, followed towards the end of the first week by a rise reaching the maximum on the tenth and the twelfth day and then returning
to normal .
in 1928.

Daw-burn, Ear lam and Evans (21) made similar observations
They found that the platelets show a general tendency to

incre~se after surgical procedures and that at the same time the
coac;ulation time is somewhat shortened.

The rise begun about the

sixth day, reached a maximum about the tenth day, persisted a few
days and reached a nornal figure in about three weeks.

Willinsky (109)

showed that in almost all cases a postoperative rise occurred in the
platelet count--the postoperative count being almost double the
preoperative count and the peak occurring about the tenth day.
\

Brock (15) reported similar observations.

Allen (1), on the other

hand, could find no important changes of variations in the number
of platelets , and Willinsky (109) found no changes in some cases ,
and in five cases noted a decreased platelet count.

In the latter

cases, however, the preoperative count was unusually high .
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YThy such an increase in the postoperative platelet count should
occur has not been adequately explained.

Possibly the increase has

some relation to the degree of tissue trauma involved in the operation since it has been poted that the degree of rise seemed to be
related to the severity of the operation (15, 21, 52, 109).
It should be noted that the peak of the increased platelet
count noted by the above writers also corresponds with the period
of the greatest slowing of the venous return from the legs and with
the time that thrombosis and embolism are observed clinically with
the greatest frequency.
An additional change, other than the quanti tative changes,
has been noted in the formed eleMents of the b lood following
operation.--a change which is possibly of more significance than
the numerical alterations.

An increased agglutinability of the

cellular elenents has been noted in the postoperative patient (54,
76, 78).

This increased agglutinability is believed to be due to

a change in the electrical charges on the formed elements which
results in a loss of their normal r epulsion for one another and
causes them to be attracted to one another.

This increased agglu-

tination tendency causes the clumping probably responsible for the
initiation of the thrombus (78).

The chan6e in the electrical

charge or · the formed elements is believed to be the result of a
disturbance in the albumin-globulin ratio.
The most definite postoperative gross change in the blood has
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been found to be increased concentration (and viscosity) due to
dehydration (5, 28 , 46).

Dehydration is often present by the time

a patient suffering from any serious acute abdominal disease is
brought to the surgeon.

Vomiting , restrictions of' fluids, and ,

in some cases, diarrhea leave many patients
concentrated.

11

dry' 1 , their blood

But even a greater dehydration takes place , unless

prevented , during and after operation.

Upon the operating table,

excessive svrentini; , loss of blood , and overactive respiration are
responsible for the loss of a great deal of fluid .

In the recovery

from the anesthesia , further svrcating and vomiting account for a
great deal more, and in the early convalescence, a diminished fluid
intake plus occasional vomiting additionally deplete the patient.
In addition, deTakats (26) feels that it is generally not appreciated that every major operation is followed by a temporary hemoconcentration due to subclinical shock .

Cold besides its adverse

affects on circulation, has been shovm to affect the visco.sity· of
the blood--i . e. cold increases the viscosity of the blood by causing
a loss of fluid from the vascula r channels into the tissues (7).
In investigating the biochemical factors of thrombosis, Bancroft
and Stanley-Brown (E) devised a forr:iula to determine what they
called t he clotting index.

The formula is based upon the relative

quantities of prothrombin, fibrinogen, and antithrombin present in
the blood.

The deterriination of the clotting index by this formula

is much too complicated for pro.ct .i cal use, but the findings of its
originators by the use of the index are interesting .
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In doing

routing deterninations of the clotting index on all surgical
patients preoperatively and postoperatively and then analyzing
the routine cases they found that these cases could b~ classified
roughly into three groups:
1. Patients with normal postoperative clottinG
indices and having normal postoperative convalescence. These conprised 65J~ of the routine
cases.
2 . Patients with high postoperative indices
but without obvious peripheral blood vessel
lesions, approximately 34~~ of the cases.
3. Patients who developed thrombosis or
thrombophlebitis. In these the clotting
factors were all high.
These writers then studied various factors that mit;ht alter
the clotting tendency.

Since the approach of an abdominal opera-

tion is through an area of subcutaneous fat and since the opera.ti ve
procedure undoubtedly causes considerable trauma to the fat , they
experimented with injections of subcutaneous fat , ground in a
mortar with a small amount of saline, into the blood stream of dogs.
The emulsions injected contained approximately 2 to 4~ fat and when
injected intravenously or intrap~ritoneally produced a narked rise
in the clotting index.
Bancroft and Stanley-Brovm (5) experir.iented with the effects
of diet on the clotting factors.

They found that a diet low in

protein and f a t vveuld decrease the clotting factors, whereas a diet
rich in nucleoproteins would cause a marked increase in the clotting
factors.

Kills (72) and Kugeltnass (59) had noted similar effects with
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the protein diet .

Mills (72) attributed this to sori.e unknovm

factor connected possibly with the amino acids derived from pro tein rie ta bo 1 ism .
Other writers have concerned themselves 1,vith the importance
of protein digestion, or lys is. as found in traumatic conditions ,
surgical procedures

and in the presence of r1align~ ies , upon intra.-

vascular coa 6ulation.

Lambret and Driessens (61) showed that

postoperatively there is a rise in the polypeptides whic h reaches
a maximum a bout the fifth day and that the more prolonged, the
more traumatic, and the more histolytic the operative procedure ,
the greater was the increase in the polypeptides.

This was noted

earlier by Duval and his co - workers (32) and by 1:eunier (69) who
seemed to think that an increase in polypeptides in the blood is
important in increasin 6 coagulability and toxicity--thus affecting
the stability of the blood .
The absorption of noxious substances from traumatized cells
resulting from invasion by malignant disease seems to increase the
clotting tendency of the blood.

In fact, increase clotting tendency

in the presence of malignancy is so great that it has been su 6bested
that the increas e d coaguability of the blood might be used as a
diagnostic test for ca rcinoma.
attention to the

~

Trousseau (101) first directed

relationship of cancer and thronhosis and

stated that frequently the first manifestation of internal cancer
is peripheral phlebitis.

Sproul ( 99) emphasized the high incidence
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of venous thrombosis as a complication of carcinoma of the body
or tai 1 of the pancreas .

He found that in 56~~ of the cases of

carcinoma of the body or tail of the pancreas a single thrombus
was present , whereas in 31. 31~ the venous thrombosis was widely
disseminated.

Sproul suggested that the increased incidence of

intravenous thrombosis associated with this malignancy was due
to increased coagulabili ty of the blood, resulting from increased
digestion of fats be cause of the increased pancreatic secretions
which in turn resulted in the increased absorption of Vitamin K
from the intestine.

Hovmver , the findinf;s of :r.Iorton , Shear.burn,

and Burger (73) suggest that this hypothesis is not true since they
showed that the adr.i.inistration of an excess of Vi ta.min K does not
cause excessive thrombosis,

Nevertheless, Kenney (57) has recently

made similar observations on the incidence of venous thrombosis
with carcinoma of the body or tail of the pancreas.

Numerous in-

vestigators have found a high incidence of venous thrombosis and
pulnonary embolism occurs in surgical patients having carcinoma
or being operated upon for carcinoma in some other part of the
body (8, 17, 76, 77, 85).
Thus it would seem that protein, either in the diet or its
disintegration products , plays an important part in the etiology
of venous thrombosis,

At least the upset albumin-globul in ratio

is important in that it alters the agglutination tendency of the
cellular elements of the blo od.
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Fibrin is, indeed, an important element in the clotting
mechanism , but in spite of the fact that substantial increases
in the fibrin content of the blood have been noted in the postoperative patient (5, 6, 35, 76, 97) these changes have not been
considered important in the etiology of thrombosis.

The concentra -

tion of fibrinogen within wide limits has little influence on the
clotting time (1, 6).

It has been found that by adding purified.

fibrinogen to plasma no change occurs in the clotting time.

Like-

wise dilution of the plasma v1ith a resulting reduction of the
fibrinogen to 1/5 its original concentration has no influence on
the speed of clotting (6).

Of course, it is conceivable that the

fibrinogen content of the blood could be so low that no clot would
form, or if it formed , would lack strength and firmness.
And yet after examining the available data, one must admit
that no one has definitely shovmthat there is an increased tendency
for coagulation after operation.

There are ·some conditions of the

blood which predispose to venous thrombosis following operation
but in the vast majority of cases there are no significant changes
in the powers of coagulation (3).
At least no one has conclusively shown that there are any
different factors present in the blood of patient's who develop
thronbosis and embolism than in the blood of those patients who
do not.

Then, too, one must consider that even though the blood

is altered in morbid conditions, the entire vascular bed is ex-
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posed in equal measure to the increased risk of becoming thrombosed.
Vlhat then, if an altered blood composition is the outstanding factor,
explains the prede l ection for certain areas?

Perhaps it would be

best to consider the b lood changes, as suggested by Allen (1) ,
as a

11

nonspecific physiological response't to operation regardless

of the clinical or surgical status of the patient---resulting in
an increased potentiality to intravascular clotting .
CHANGES IN THE VESSEL WALLS :

The last of the three J'Tlain factors

often described as being an etiological factor in intravenous
coagulation and resultant pulmonary embolism concerns changes in

the walls of the veins .
The importance of changes in the walls of a vessel varies with
the type of intravascu l a r clotting one is discussing .

In one type

of intravascular clotting, thro~bophlebitis, the change in the
vessel walls is believed to be of paramount importance , while in the
other type, phlebothromb osis, changes in the wall of the vessel
are believed to be of no, or of at least minimal, importance.

The

term thrombophlebitis refers to a process in which the thrombus
formation is accompanied by a marked inflammatory reaction in the
ve s se 1 1 s wall.

wall.

As a result the thrombus is firmly adherent to the

In contrast to this, phlebothrombosis, the term made popular

by Ochsner (76) is not ac companied by signs of inflammation, and
as a result the formation of the thrombus is symptomless.
clot can be present and be wisuspected .
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large

uiet thrombosis or phlebothrombosis is a non-inflaJ"U"latory,
reactionless process.

It takes place in the deep veins of the legs ,

usually below the knees.
venous obstruction .

In its dangerous stage it causes little

The peculiar and dangerous quality of quiet

thrombosis lies in its decided tendency to form a loose , soft ,
detachable thrombus.

In fact, it has been observed that the more

quietly a thrombus has formed the more danger there is that it
wil l result in pulmonary emb olism .

A fatal embo lism can result from

a limb apparently perfectly normal and , by contrast , the great
swollen limb of thrombophlebitls almost never causes embolism! (49)
In the quiet thrombotic process, some part of the thrombus is not
adherent or is o~iy ver y slightly so, being partly or wholly free
to float av~y. whe reas the inflammatory thrombus is fixed by a
local reaction in the wall of the vein .

One should think of a

quiet thrombosis as consisting of a local process occupying only
a few inche s of vein, one of many among the [;reat muscles of the
calf , but possibly having a loose , soft tail that f loats in the
popliteal or femoral veins (49).

However, the above statement does

not necessarily mean that . such a propagating thrombus is always
formed.

Indeed , it is true that thrombosis often heal without

accident and occasionally , perhaps, without being noticed.
The relative adherance of the inflammatory and quiet thrombosis
has been emphasized by many writers.

Barker and his co-workers (8)

studied 1,665 cases of pos toperative pulmonary embolism.
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Of these ,

405 (24 . 3%) had pulmonary embolism without clinical evidence or
findings at necropsy of venous thrombosis.

Inasmuch the emboli

found in the pulmonary arteries in these cases were l a rge and in
nearly all case s appeared to have come from l a rge veins, it was
assumed that the entire thrombus had detached itself and become an
embolus, leavinb no clue as to its source .

They found thrombophlebitis

wt\s diagnosed c linically in 938 cases, and thrombophlebi tis or
venous thrombosis were found at necropsy when it had not been diagnosed clinically in 322 cases making a total of 1,260 cases of
venous thrombosis.

Only 5.2~ of 343 cases of fatal pulmonary

embo lism were preceded by clinically diagnosed iliofemoral
thrombophlebitis.

Only 6.6% of 273 cases of iliofemoral thrombo -

phlebitis diagnosed clinically we re followed by fatal pulmonary
emb olism.

Since these 18 cases (the 6.6%) were r athe r unusual they

vmre subjected to a more careful scrutiny regarding the pathologic
findings.

"\','hen the necropsy data vms eva luated , it was found that

in four cases, in v,hich the fatal er1bol ism had occurred fror.1 eleven
to thirty-two days afte r the onset of thrombophlebitis, the embolus
came from a fresh thrombosis in the opposite iliofemoral vein and
that the old thrombus was intact and organized.

In three other

cases , the embolus came fron an extension into the vena cava of a
fresh thronbus in the opposite iliac vein which had not been diagnosed clinically.

In these fatal cases embolisr.1 occurred five to

twenty-five days after the onset of thrombophlebitis.
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In only

eleven cases was it considered that the embolus came f r om an extension of or detachment of the thrombus in the iliofemoral vein vrhich
had been considered to be tre cause of the clinical symptoms and
signs, and in none of these did the f a tal embolism occur more than
four days after the onset of the clinical symptoms and s igns of
thrombophlebitis .

Thus, they concluded that fatal pulmonary

embo lism rarely follows clinica lly diagnosed iliofemoral thrombophlebitis , and when it does it usually occurs within the first four
days or comes from a fresh thronbus v-rhich develops later in the
oppos itc leg.
r;estdahl ( 106 ) found in the cases of pulmonar~r embolisI:1 he
studies that rarely was any abnormality found in the intina of the
vein at the site of the thrombus formation .

He considered changes

in the vessel wall important in the formation of thrombi but not in
the type of thrombosis from which massive fatal emboli arise.

He

noted that phlebitis is rare ly present in f ata l cases since if the
vein was damaged, the thrombus was firmly adherent to the intima
and the large emboli were unabl e to b re ak loose .
Brovm (16), after a study of 87 cases of postoperative phlebitis ,
found that pulmonary infarction was a common complication , while
fatal pulmonary er::bolisn ,vas rare.

He concluded that the firm

attachment of the inflammatory type did not allow the entire massive
thrombus to break loose but , instead, did allow smal l fragments to
be thrown off and to cause infarcts in the lungs.
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He found that

the dislodged thrombi causing fatal pulmonary embolism were l arge r
and were f r equently long segments of thrombosed blood , indicating
that the atta chment in these cases had been insecure and that the
greatest portion of the thrombus hnd been dislodged.

Findlnbs

s uch a s these have been adequately varified by other i nvestibators
(12, 33 , 93, 104).
Thus i t seems that the importance of changes in the vascular
endotheli~~ depend s largely upon the type of thrombotic process
one is considering .

In thrombophlebitis , the vascular changes

are all important since the formation of a thrombus in such a
process is believed to be due to inflarnnatory changes in the
lining of the vascular channels.

owe ver, since such thrombi

are firmly adhered and rarely cause fatal pulmonary embolism
(unless the cl ot is infected and becomes loosened as a result of
suppuration), this thrombotic process does not concern this _paper .
On the other hand, phlebothrombosis ---quiet thrombosis--has been
found to be the type of throJ11botic process most common l y attende d
by pulmonary embolism.

In this type of thrombosis, the clot lie s

loosely in the blood stream, une.ttached or only slightly adherent
to the vessel wa lls, and easily freed .

Damage to the intima is

believed to be minimal in phlebothrombosis.
However , not all men are in agreement with this last statement.
Instead they believe that changes in the intimal cells are important
in producing qulet thrombosis.

The endothelial cells of the intima

serve not only in a passive capacity as the lining of the vascular
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channels but a.lso have active metabolic functions which , o.ccording
to Ritter (86)1 are:
4) phagocytosis.

1) nutrition ; 2) ab s orption; 3) secretion;

Ritter believes that certain substances , such as

proteins and products of internal secretion , vrill activate , sensitize , and augment synergistically the biological activities of

the endothelial cells , facilitating the absorption of prate in
metabolites , bacterium , toxins , pigments , and metals.

As a result

of these processes , physiological , metabolic , and actual anatomical
cha.nges, which predispose to thrombosis , occur in the endothelium.
Sympathetic stimulation is believed to produce endothelial changes
as well as vasoconstriction (76).
F'rykho1m ( 40) is a. strong proponent of damage to the intima
of the veins as the most important etiological f a ctor in venous
thrombosis .

He points out that it is believed that the vitality

of the intimal cells depends , to a great extent, on their contact
with flowing blood and when the cells are deprived of this source
of nutrition , disturbances occur in the nutrition of the cells which
favor the adherence of the platelets , beginning the development of
a thrombus.

He further points out that when the veins of the leg

are collapsed, as a result of the pressure of the legs against the
mattress , intima opposes intima and further adds to the trauma of the
endothelial cells .
Trauma and infection should be considered as factors that
might possibly alter the vascular endothelium.

Traumatic phlebitis

and thrombophlebitis , of course , are known but these processes are
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usually not concerned in the usual type of ph'lebothrombosis
developing postoperatively.

In examining the operative procedures

most frequently associated with postoperative pulmonary embolis f,
one can see that there is little or no relationship between the
site of operation and the site of thrombosis--i . e . no direct re lationship between the possibility of operative trauma to the
veins and the common locations of thrombosis is outstanding.
Infection is important in the etioloi;y of thrombophlebitis , the
infection being believed to reach the veins via the lymphat ics
(para.venous lymphangitis) , but the loosene ss of the cl ot in phlebothrombosis denies the importance of direct infection in that process.
However , some men believe that infection has an indirect influence
on phlebothrombosis .

According to Govaerts (41) , as a result of

studi es of the intra.vascular introduction of relatively a.virulent
organisms, the micro-organisms adhere to the blood platelets and
other forme d elements of the blood , particularly the leukocytes.
Normally these micro - organisms are phagocytized , but it is possible
that they may , under certain circumstances, remain nnd form a nidus
for subsequent thrombosis .

Govaerts has also shovm that the

intravenous inje ction of a.virulent micro - organism produces changes
of a physic- chemical na.ture ---which consists of a decrease in the
electrical charge and is usually associated with a change in the
albumin-globulin ratio of the plasma protein in that the globulin
becomes relatively increas e d.

A resulting increased agglutinability

of the platelets and other formed elements occurs - -thus favorine
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thrombosis.

Other writers have noted the r e l ationshi p of infection

in some part of the body to thrombo sis (8 , 31 , 34 , 56 , 7G ).
I ntravenous infus ions have been indicted by some men as an
impor t ant etio l ogica l factor i n thrombos i s (20 , 34 , 80 ).

Continuous

infusions are particularly condemned , and Culp (20) has ad ded a
particu l ar vmrning agains t using the procedure in the lovre r limbs
since in his scr ics intravenous i njections used continuously were
dire ctl y responsible for thrombosis in the vein s of the leg that
were used.

Certainl y one should remember that nature never intended

for human be ings to be fed and ,vntered through the veins , .and the
results to the vascular endothel ium that micht be the result of
continuous infus i ons should be respe cted.
Pre - existing dis ease vrithin the veins prior to operation seems
to have sone relation to intravascu l a r clotting.

Barker and his

associates ( 8) found that in 1 , 665 cases of t hrombosis and emb olism
203 had sinple varicosities of the lovre r extr enity.

The importance

of varicosities in thrombosis has been par ticular l y stres sed by
German and Fre nch vrr i ter s whose vrork ha s been reviev1red by Ochsner
and DoJakey (76).

The importance of va ric os ities mi ght be related

to the ass ocinted stasis or to the extension of the trrombus into
the deeper veins.

Hovrever , the relative small size of the simp l e

va ricos e veins nakes the danger of fatal pulrionary embo lism from
then minimal.
Some ,vr i ters (8, 33) have noted t hat a history of pr evious
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venous thrombos is or of non-fa t al pu l :raonary enbolisn great ly
incre~ses the poss i bility of a postoperat ive recurrence ,

This

mi ght nean that danage i.·.ras done to the veins in the pr evious
thrombo - embo lic process e s or that these people have some a b normality in the b lood clot~ing me chanisM that pred ispose s them
t o thrombosis .
In surveying the relationship of vascular wa ll change s, to
phlebothrombosis , one must admit that no one , except possibly
Frykh olm, has offered much in the way of convincing; evidence as
to its importance.

Certainly lo ca l abnorna lities in the lining

of the veins c ould conce i vab ly be impor tant in increasing; the
tendency to thrombosis , but these c hani:;es cannot be the sole
factor .

If injury to the endothelium was the sole factor , one

wou ld not expe ct thronbosis to devel op after opera tive proce dures
on t he upper abdonen vrhere a min ina l amount, if any , tra.ur.ia occurs
to the ve ins of the lower extremity.
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CAUSES OF DEATH

The actual causes of de ath in pul monary embolisITJ. is a subject
of mu ch contro ve rsy.

The tvm outstanding explanations at t he pres-

ent time are the neurogen ic theory and the mechanical obs tru ction
theory.
Advocates of the neurogenic theory believe that death is due
to reflex cardia c stand s t ill, inhibit ion or t he respirator y center ,
or vas omotor shock,

The me chani cal obstruction theory group favors

pure me chanical ob s t ru ction of the pu l monary artery vrith resultant
a l tered card i ac output or cardiac str ain and their consequences.
The fact that controver sy exists , indicates that a combination of
factors ma.y be responsible.

It is unlikely that mechani ca l obstruc -

t ion , eve n if mass i ve , could cause ins tantane ous death (106 ).

The

fact t hat successful pu l monary embo le ctomi es have been performed
a ft er three r~inutes of complete strangulation of the pul mona ry
art ery should verify such s kept icism (1 06 ),
Sudden death or death with in a fcvr hours after pul mona ry
embolism is almost a l ways assoc i ated wi th ob stru ction of the ma in
pulmonary artery or of its two major branche s ( 68 ).

The v iews as

to the c a us e s of death have be en div ided by those who believe in
the Mechanica l theory int o several groups, the groupinG apparent ly
depending upon the extent of the obs t ru cti on produced by the
embo lus (18 , 68 ).
The first mechanism is believe d to be ba sed upon asphyxiat ion

- 57 -

due to the complete obstruction of the main pulmonary artery, producing :immediate death.

This type of death is seen clinically and

is characterized by pallor , low blood pressure and normal oxygen
saturation of the peripheral arterial bed- -i.e. it is syncopal in
nature.

According to Churchill (18), a large embolus that completely

blocks the outflow from the ri 6ht heart will cause immediate but
not instantaneous death from complete cessation of the circulation .
The left ventricle continues for a moment to discharge the blood
that is remaining in the pulmonary circuit and then abruptly
ceases .

The sudden cessation of cardiac output produces a loss of

consciousness due to cerebral ischemia and complete failure of the
respiratory center occurs after a few asphyxial gasps.

The lack of

coronary blood supply resulting from the fall of pressure in the

I

aorta increases the dilatation of the right heart already precipi tated by the obstruction of the outflow of blood.

The asphyxiation

I

mechanism has been verified experimentally (13, 45).

I

The second mechanism is based upon acute right heart failure
due to partial obstruction of the pulmonary artery with delayed

I

death due to heart failure.

In keepin 6 with .this type of death ,

White (108) has described a cardiac condition which he has labeled
acute co pulmonale.- - that is, a dilatation of the pulmonary artery
and right heart chambers with or without failure, which results
lo

from a sudden great obstruction to the pulmonary circulation.

If

the pulmonary obstruction is too overwhelming and complete, either
death may ensue quickly or a serious state of shock develops which
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depletes the circulation and prevents the overburdening of the
right heart .

I·•

In such cases , the signs of acute co pulmonale are

r:iissing until after the state of shock has subsided .

If , on the

':!

other hand, the embolus is small or of only moderate size , bl ocking
Ii

only one large or several small branches , the obstruction may be too
slight to dilate the right ventricle immediately.

Such acute cardiac

dilatation has been produced experimentally by Villaret and his
associates (102) and by Haggart and Walker (45) .

In addition ,

!Jegebon , Kautz , and Steinitz (67) have pointed out another
factor related to right heart failure .

These men produced

pulmonary embolism in dogs and felt that they were able to account
:ii'Ii

for death by the rise of the systolic and diastolic pressures in
the pulmonary artery with resultant riGht ventricular failure .
They then pointed out that cardiac arrythmias are known to accompany clinical pulmonary embolism or that produced experimentally.
They regarded these arrythmias as the end result of failure of the
right ventricle .

On this basis , they concluded that sudden death

from pulnonary embolism is best explained by some mechanism of
cardiac ar r ythrlia , probably resulting in ventricular fibrillation .
The third nechanism explains death on the basis of partial
obstruction of the pulmonary artery with delayed death due to the
obstruction to the flow of blood to the left side of the heart
with consequent reduction in its output and a reduction in the
effective blood volume.

Occlusion may be so far from complete

h

I
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that the circulation is carried on for some tiJ:le , although to a
mechanical disadvantage that ultimately leads to death .

In this

type of death, the mechanical disadvantage of the heart does not
express itself immediately.

Haggart and Walker (45) experinenting

on dogs , compressed the pulmonary artery very carefully by means
of a graduated clamp and found that the systemic blood pressure
~~s

maintained unaltered until it suddenly fell to zero and the

animal died .

Gibbon and Churchill (41) showed that obstruction

of the I'l.8.in pulmonary artery is without effect upon the systemic
blood pressure until the lumen of the artery has been reduced to
40% or less of' its original size and that death occurs v1hen the
lumen is 15fo or less of its original size.

Thus the continued

occlusion of the pulmonary circulation cause no effects until the
obstruction reached such a degree that the return flovr of the
heart was so diminished that the systemic pressure could no longer
be maintained .

The blood pressure then suddenly falls , cerebral

ischemia results , and death occurs •
Mendlowitz (68) , revievring the various mechanical factors of
death after pulmonary embolism , considered obstruction , asphyxia,
and heart failure as three
vrith pulmonary embolism.

.ia. ,cts
~

of the entire complex associated

He pointed out that in the last analysis

the primary factor is obstruction , which , because of the increase
in resistance it interposes, dissipates some of the energy of the
right heart and thereby leads to a reduced output of that chamber
and, hence, also that of the left henrt.
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Dea.th , then, was considered

as probably being caused by anoxia. of the bra.in or of' the heart
with secondary acute heart failure or both .

The anoxia. is

attributed primarily to the decreased cardiac output.
However , certain observations have been made ·which appear to
be against mechanical obstruction being the sole cause of -death in
pulmonary embolism.

In some cases there has been time to remove

the clot from the pulmonary artery by the Trandelenburg operation (10).
In pulmonary operations it is possible to ligate one or all of the
branches of the pulmonary on one side , and there is no correlation
betw-een the size of the embolus and its fatal issue (10 , 87).
In addition most of the experiments whose results seem to support
the mechanical theory do not take into consideration the factor
of anesthesia which may modify important reflexes from the
occluded segment and that lii;ation of an artery is never comparable to an embolus at the same level .
Although the mechanical considerations a.re :important , one must
consider certain reflex changes as contributory and occasionally
deciding factors in the survival of the patient .

Villaret , Justin-

Besancon , and Borden (102) produced pulmonary embolism experimentally.
They found that section of the vagus nerves of the rabbit increased
by seven- fold the quantity of particulate matter necessary to pro duce sudden death .

Conversely, section of the cervical s:tmpa thet ic

trunks diminished by four - fold the quantitJr of particles necessary
to produce sudden death .

Administration of atropine sulphate and

ephedrine hydrochloride in conjunction with the injectio:i of the
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particles delayed the occurrence of death perceptibly .

These investi-

gators concluded that sudden death could only be t he result of re flex sympathetic inhibition.

The hypothesis of sympathetic i nhibition

appears to receive some support fron and at the same time accounts
for , the clinical phenomenon of s hock seen so frequently in attacks
of pulmonary embo lisn (9).

Jesser and deTakats (55) produced

pulmonary embolism exper imentally and a lso found that atropine sulphate was one of the most effective drug s in conbnting the disastrous effects of pulmonary embolism .
Tv;enty to thri ty percent of patient s dying of pulmonary enbolism
are round to have either partial occlu sion of the pulmonary artery
or to have occlusion of only a branch of the pulnonary artery (10).
Death in these cases n ii;ht be due to reflex vo.soconstriction of the
pulnonary arteria l bed which would breatly increase the strain of
the rir:;ht ventricle and de crease the flow to the left ventricle .
Gosset , 3ertre.nd, and Pate l (43) have su'..:mittod evidence that a
relatively small embolus may be fixed in the pulmonary vessel by
spasra , and tr.ere is evidence that in enbolic occlus.i.on of an
artery anyv,here in the body the complete oc c lusions is often the
res ult of arterial sPasri rather than of the actual size of the
thronbu s (2 , 24).
Recent exper i mental evidence has sho,m that the pulrionar
vascular bed is richly supplied with sensoqr receptors and that
the pu lmonary and bronchi al vascular systens possess a strong vnso-
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constrictor nechanism v,hich is under sympathetic control (22).
Thus the clinical speculations are verified .
ub sequent to an obstruction i n the pulmonary artery , a state
of hypertonicity develops in the pulmonary artery proximal to the
obstruction (18 , 25 , 108).

Schwiegk (92) and Schweitzer (90) sup -

lied experimer..tal data to prove that such hypertonus is capable of
initiating depressor reflexed mediated by a receptor mechanism
similar to that of the carotid sinus.

This reflex would bring about

a. fall in the syster.iic blood pressure and also a decrease in corona ry .flow.

Takina and Watano.be (100) supplied the anatomical basis

for the assumption of such sensory receptors .

\I ith neurohistologic

r.iethods, they shovred receptors in the nall of the artery.

Stimula -

tion of this segment by electric current or by distention resulted
in bradycardia and a fall in carotid pressure.

When the left de-

pressor nerve or the va€;US nerve wa s cut this affect disappeared .
DeTakats (25 , 2G) favors such a theory by r e porting the favorable
effects against the lethal effects of pulnonary e mbolism "by the use
of atropine sulphate and papaverine hydrochloride.
The possibility of decreased coronary f l ow resul tint; from a
pulnonocoronary reflexes as v10ll a s from cardiac dilatation has been
postulated (37 , 50) .

In postmortem examinations after pulmonary

embolism, Horn and Friedburg (50) noted recent myocardial structural
changes ordinarily associa-'ced with acute myocardial ischemia in 8
of 42 cases .

They felt that an acute coronary insufficiency had

occurred because of the fall in blood pressure and the associated
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asphyxia and possibly because of exaggerated vagal reflexes.

They

stated that pulmonary enbolism is most likely to cause myocardial
ischemia if t he re nre recurrent small emboli, if the coronary
vessels are sclerotic , if the heart is previously hypertrophied ,
and if t he re is adequate duration of life after enbolism.
In t he final analysis, se veral conditions J11ust comb ine to
explain death from pulmonary embolism.

Shock , a fall of blood

pressure in the coronary and other systemic arteries , pulmonary
hypertensi_on , and anoxemio. are ca rdinal factors.
mechanical factors cannot be ignored or belittled .

Thus the
On the other

hand , the delicately balanced and "hair-trigger" nature of the
autonomic and reflex nervous system can hard ly be uninfluenced by
the impact of an embolus in the pulmonary circulation.

A combina-

tion of the mechanical and neurological fa.ctors---possibly the
importance of each varying with the massiveness of the embolus-seems to be a more logical explanation of death in pulmonary embolism.
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SUMrc:A.RY

The primary consideration of this paper has been the etiological
factors of postoperative pulmonary embo l ism .

It has pointed out that

fatal pulmonary embolism is more often a complication of quiet thrombosis - -phlebothrombosis --than it is a complication of thrombos i s
associated with definite inflammatory signs and symptoms- - that is
thrombophlebitis .

This is an important consideration which must be

kept in mind in attempting to avert pulmonary embolism by early
clinical recognition of existent thrombosis .
In recent years the correctness of Aschoff' s lon 6 accepted
theory of t hronbus formation has been questioned .

The weight of

accumulated evidence s eems to indicate that phlebothrombosis in
the lower extr emities does not begin in the deep veins of the thigh
in the region of Poupa.rt's ligament and does not proceed distally
from that point in a. retr ograde manner to the regions be l ow the
knee .

Instead , the concept of Frykholm , which considers thrombosis

as a centripetal process beginning primarily in the musculature
of the calf and proceeding with the venous stream toward s the
heart , has been more widely accepted as a logical explanation of
the pathogenesis of phlebothrombosis.
The coIJJL1on denonina.tor in most cases of fatal pulmonary
embolism is bed rest - --bed rest for a previously active person
without the benefit of exercise to maintain adequate venous return
from the loner extremities.

The adverse effects of pr ol onged bed
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rest and of abdominal surgery on the venous return from the lower
extremitie s have been noted .

Venous stasis, which is even nore

pronounced in the postoperat i ve patient , is a prominent etiological
factor .

The factors responsible for venous stasis have been

pointed out to be normal anatomica l peculiarities , poor posture ,
hypopnea , deficient cardiac a ction , obesity, and vusospasm.

Evi -

dence tha t changes in the blood are primary factors in thrombosis
has been found to be unconvincing , although changes do occur which
could accelerate the process once it has been initiated .

However ,

the basic problem of intravenous coagulat ions still has not been
a nswered.
If one were to combine the various factors considered at
present as beinG impor t a nt ln the etiology of thrombosis and
ultimate pulmonary embolism into one set of circUr:1.stances most
favorable for the development of thrombo - embo li c phenomena , i t wou ld be
found that the pe..tient was over forty years of age , was somev;h!lt
overr;eight , and had a heart ·whose action was not normal.

The

patient has had a major abdomina l operation and comes from the surgica l al"l.phithe ater with the wound securely splinted with tight dressi ngs and abdominal binders.

Durine the postoperative period he

lies quietly i n bed with a pillov; p laced under his knees for added
comfort.

His res pirat ions are somewhat shallow because of the

"catch" produced in the incision by deep breathing .

He r a rely

moves his lower extremities or moves them r athe r desultorily or
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only to achieve a more comfortab le position .

No one has told him

to exercise his legs and so with the layman's view of the dangers
of ttbreakinG open the inc is ion 11 his movement s are even more
guarded than usual.
Prevention is the keyword in pu l monary embolism, but pre ventive measures to be intelligently applied depend upon a knowledge of the above etio l ogical factors which must be combated.
Death often strikes quickly in pulmonary embolism.

Attempts

to avert such a tra. 6edy should be based upon a knowl edge of the
pathologi cal physiology involved .

In addition to the very import-

ant mechanical factors resulting from an obstruction in the pul monary circulation , abnormal neurological processes that add to
the critical situation have been found .

The vagus tone on the

heart has been found to increase while sympathetic action is inhibited or depressed .

Increased pressure in the pulmonary artery- -

produced by the obstruction and by spasm of the pulmonary vessels-has been found to give rise to a depressor reflex vrhich slows the
heart and decreases the coronary circulation.

If the heart can be

released from the increased vagal tone and if the depressor reflex
can be removed by relieving the spasm that helps to increase it, a
favorable prognosis could at least be initiated.
when ·speakin[i of pulmonary enbolism ,

11

But to re -iterate ,

An ounce of prevention is

worth a pound of cure" , and one must constantly be on the alert to
combat the principle etiological f a ctors of postoperative pulnonary
embolism .
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